Using a magneto-optical pump-probe technique with micrometer spatial resolution we show that magnetization precession can be launched in individual magnetic domains imprinted in a Co40Fe40B20 (CoFeB) layer by elastic coupling to ferroelectric domains in a BaTiO 3 substrate. The dependence of the precession parameters on external magnetic field strength and orientation reveals that laser-induced ultrafast partial quenching of the magnetoelastic coupling parameter of CoFeB by ∼15 % along with 5 % ultrafast demagnetization trigger the magnetization precession. The relation between laser-induced reduction of the magnetoelastic coupling and the demagnetization can be well approximated by the n(n + 1)/2-law with n=2 corresponding to the uniaxial anisotropy, confirming the thermal origin of the laser-induced anisotropy change. The excitation process in an individual magnetoelastic domain is found to be unaffected by neighboring domains. This makes laser-induced changes of magnetoelastic anisotropy a promising tool for driving magnetization dynamics in composite multiferroics with spatial selectivity.
Magnetoelectric multiferroics offer a possibility to control magnetization by an electric field [1] [2] [3] , which is in high demand for beyond CMOS technologies [4] including sensors, energy harvesters, memories and logic devices [5] . However, the number of single-phase multiferroics is limited [6] , with many of the materials exhibiting multiferroic properties below room temperature or providing insufficient coupling between the order parameters. On the other hand, composite structures consisting of ferromagnetic (FM) and ferroelectric (FE) materials coupled via strain represent a promising alternative for achieving indirect magnetoelectric coupling at room temperature of sufficient strength for future applications [5, [7] [8] [9] [10] .
In strain-coupled composite multiferroics, the magnetic anisotropy of the FM is altered by a combination of interfacial strain transfer from the FE and inverse magnetostriction. For properly selected FM and FE materials, heterostructure geometries, and optimized interfaces, strong magnetization responses to external electric fields can be obtained. In particular, full imprinting of ferroelastic domain patterns from FE substrates into FM overlayers with in-plane and perpendicular magnetizations and their subsequent manipulation by electric fields have been demonstrated experimentally [11] [12] [13] [14] [15] [16] [17] . FM-FE composites enable electric-field-induced magnetization switching leading to changes in magnetoresistance [18] [19] [20] [21] [22] , electrical tuning of ferromagnetic resonance and spin-wave spectra [23] [24] [25] [26] , active filtering and routing of propagating spin waves [27, 28] , and electrical switching between superconducting and normal states [29] .
Control over the order parameters of composite multiferroic structures by femtosecond laser pulses would widen their application perspectives and elevate their switching speed. There are several pathways along which an ultrafast optical stimulus may alter the state of a composite multiferroic. One relies on ultrafast direct optical control of magnetization [30] and, via FM-FE coupling, of ferroelectric polarization [31, 32] . Alternatively, ultrafast optically-driven changes of the FE state could lead to high-amplitude dynamical strain modulations [33] and, thus, alter the magnetization state of a magnetostrictive layer. However, ultrafast optical control of FE polarization remains challenging [34] . Optically-induced strain as a tool to modify the anisotropy of a FM in FMphotostrictive composites is considered in [35] , but results reported thus far do not extend to ultrafast timescales.
In this Letter, we examine an alternative approach to ultrafast optical control of a composite multiferroic, and study the feasibility of ultrafast laser-induced changes of strain-mediated magnetoelectric coupling in a CoFeB/BaTiO 3 heterostructure. Using a femtosecond magneto-optical pump-probe technique with micrometer spatial resolution, we excite magnetization precession in individual magnetic domains imprinted in the amorphous CoFeB layer by mechanical coupling to ferroelastic domains in BaTiO 3 . We reveal that the precession is triggered by an abrupt decrease of the CoFeB magnetoelastic coupling parameter and magnetization by ∼ 15 % and 5 %, respectively, for an incident laser pulse fluence of 10 mJ/cm 2 . This ratio satisfies the n(n + 1)/2-law with n=2 that describes the temperature-induced variations of a single-ion uniaxial magnetic anisotropy, confirming the thermal origin of the observed changes.
The heterostructure under study consists of a 50-nmthick layer of a FM CoFeB amorphous alloy on a 500-µm-thick single-crystalline BaTiO 3 (001) substrate (see Suppl. Mater. for a transmission electron microscopy image). CoFeB layer is grown on BaTiO 3 by magnetron sputtering at T g = 573 K and capped with a 6-nmthick Au layer. At room temperature (RT), the BaTiO 3 substrate is split into 90°ferroelectric-ferroelastic stripe domains with in-plane spontaneous polarization aligned along the long side of the tetragonal unit cell [12] . Owing to the strain transfer from BaTiO 3 to CoFeB and inverse magnetostriction, an uniaxial magnetoelastic anisotropy is locally induced in the CoFeB film. Since the magnetostriction parameter λ of CoFeB is positive, the magnetic anisotropy easy axes are oriented parallel to the polarizations of the underlying FE domains [12, 14] [ Fig. 1 (a) ]. The strain-induced magnetoelastic anisotropy dominates over other anisotropy contributions, and the stripe domain patterns in CoFeB and BaTiO 3 fully correlate. The two types of stripe domains a 1 and a 2 have widths of ∼12 µm and ∼3 µm, respectively.
Laser-induced dynamics of the magnetization in distinct magnetic domains in the CoFeB/BaTiO 3 composite is studied using a femtosecond two-color magneto-optical pump-probe setup. The pump and probe pulse durations are 170 fs, and the central wavelengths of the pump and probe pulses are 515 nm and 1030 nm, respectively. The pump pulse fluence is 10 mJ/cm 2 , while the probe pulse fluence is ∼10 times lower. Both pump and probe pulses are focused on the CoFeB layer into a spot with a diameter below 5 µm using a 15x reflective microscope objective. The laboratory frame is chosen such that the x, y, and z axes are directed along the easy axes of the a 2 , a 1 domains and the sample normal, respectively [ Fig. 1(a) ]. An external DC magnetic field H ext of strength 0-120 mT is applied in the sample plane at an angle ϕ to the x axis. Measurements of laser-induced magnetization dynamics at ϕ = 0, ±45°in a 1 and a 2 domains are performed by displacing the sample laterally with 0.05 µm precision. The pump-induced changes of magnetization are traced by recording the magneto-optical Kerr rotation ∆θ of the probe polarization plane as a function of time delay ∆t between the pump and probe pulses. The incidence angle of the probe pulses is 17°, and the measured Kerr rotation ∆θ(∆t) is proportional mostly to the pump-induced changes of the out-of-plane component M z of magnetization. All measurements are performed at RT.
Figure 1(b) shows the laser-induced probe polarization rotation ∆θ(∆t) measured for different positions x of laser spots on the sample surface. The external magnetic field H ext is parallel (perpendicular) to the easy axis of the a 2 (a 1 ) domain (ϕ = 0). At H ext = 30 mT one clearly distinguishes two types of dynamic signal ∆θ(∆t) depending on x. At x = 0 and 25 µm clear oscillations of ∆θ are observed, while at x = 15 and 40 µm only a slowly varying change of ∆θ is seen. Detailed studies of ∆θ(∆t) at x = 0 for different magnetic field strengths reveal that the oscillatory signal is present only in the range of 0-45 mT. The amplitude and the frequency of the oscillations as a function of the applied magnetic field were obtained by fitting the signal at x = 0 to the function ∆θ(∆t) = ∆θ 0 exp(−t/τ d ) sin(2πf t + ξ 0 ) + P 2 (t), where ∆θ 0 , f , ξ 0 , τ d are the oscillation amplitude, frequency, initial phase, and decay time, respectively. The second-order polynomial function P 2 (t) accounts for a slowly varying background of nonmagnetic nature. The field dependence of the frequency f [ Fig. 1(e) ] resembles that of a magnetization precession in a field applied perpendicularly to the easy axis. Therefore, the signal at x = 0 can be confidently ascribed to the laser-induced precession of magnetization in the a 1 domain. The periodicity and the width of the areas in which laser-induced precession is detected (at x = 0, 25 µm) and not detected (at x = 15, 40 µm) correspond to the length scale of the magnetic domain pattern in the sample. In order to relate ∆θ 0 to the amplitude ∆M 0 z of variations of the out-of-plane magnetization component, the measurement signal was normalized by the static magneto-optical Kerr rotation angle at saturation θ S = 10 mdeg, which is proportional to the saturation magnetization M S . The field dependence of ∆M 0 z /M S is shown in Fig. 1 
(f).
If the external field H ext is applied at an angle ϕ =−45°, i.e., if it makes an angle of ±45°to the easy axes of the a 1 and a 2 domains, a laser-induced precession is observed in both stripe domains in a wider field range. Fig. 1 (c) shows ∆θ(∆t) measured in the a 1 (red dots) and the a 2 (blue dots) domains at H ext = ±65 mT. As one can see, upon the transition from the a 1 to the a 2 domain the initial phase ξ 0 of the magnetization precession changes by 180°. Reversal of the magnetic field sign, in turn, does not affect the character of the excited precession. The dependence of the precession frequency on field strength [ Fig. 1(e) ] is typical for a geometry wherein the field is applied at 45°with respect to the uniaxial magnetic anisotropy axis and is the same for both domains. The precession amplitude shows small variations with applied field strength and is somewhat higher in the wider a 1 domain [ Fig. 1(f) ]. When the external field is applied at ϕ = 45°, a laser-induced precession is detected in the a 1 domains only [ Fig. 1(c) ]. The field dependencies of the precession frequency and amplitude are similar to those found in the a 1 domains at ϕ = −45°[ Fig. 1(e,f) ].
The magnetization precession in the individual domains excited at ϕ = 0,−45°agrees well with the general scenario of laser-induced changes of magnetic anisotropy [36, 37] . As discussed in detail in e.g. [38, 39] , a fast change of the effective anisotropy field produces a magnetization precession. The efficiency of excitation is highly sensitive to the alignment of equilibrium magnetization with respect to the easy anisotropy axis. In our experiments, the magnetization precession in a particular domain is not excited when the external field is aligned along the easy anisotropy axis of the domain [ Fig.1(b) ]. When the field is aligned perpendicularly to the easy anisotropy axis of the domain, the precession is excited only if the field strength is below the anisotropy field. The latter is easily identified in our experiments as the field at which the frequency of the precession is minimal [ Fig. 1(e) ]. Finally, when the magnetic field is at an intermediate angle to the easy anisotropy axis, e.g. at ±45°, the magnetization precession is excited in a wider field range [ Fig.1(e, f) ].
The light penetration depth in the CoFeB layer is below 20 nm at the pump wavelength of 515 nm, and, therefore, we argue that the anisotropy changes are caused by laser-induced processes in the FM film but not by changes in the FE substrate. In contrast to metallic films with a pronounced magnetocrystalline anisotropy considered in [36, 37] and following works, here the magnetic anisotropy of amorphous CoFeB film is fully dominated by an uniaxial magnetoelastic anisotropy. Hence magnetization-dependent part of the free energy density F in an individual domain contains only the Zeeman, magnetoelastic, and shape anisotropy terms [40] :
where [41] . The misfit strains u xx and u yy are expected to be fully relaxed at the growth temperature T g = 573 K, which is well above the Curie temperature T C = 393 K of BaTiO 3 . On cooling from T g , nonzero strains appear in the film owing to the difference in the thermal expansion coefficients of the paraelectric BaTiO 3 α 0 = 10 · 10 6 K −1 [42] and CoFeB α b = 12 · 10 6 K −1 [43] . Taking into account that spontaneous strains appear in BaTiO 3 below T C , we obtain
are the lattice constants of the tetragonal FE and cubic paralelectric phases of BaTiO 3 , respectively. We obtain u xx ≈ −0.94 % and u yy ≈ +0.79 % for the a 1 domain at RT by taking c = 0.4035 nm, a = 0.3966 nm [44] , and a 0 (T g ) = 0.4017 nm [45] . Additional in-plane anisotropy originating from the stripe shape of the domains has been shown to be negligible [12] and is not included in Eq. (1). The orientation of magnetization in the a 1 domain is given by the total effective field H eff = −µ −1 0 ∂F/∂M, which is a sum of the external field H ext , the out-of-plane effective field
12 ]m z , and the effective magnetoelastic anisotropy field H ME = −2B 1 (µ 0 M S ) −1 (u xx m x + u yy m y ). Excitation of the metallic CoFeB film by a femtosecond laser pulse results in a rapid increase of the temperatures of electronic and ionic systems, which equilibrate after several picoseconds. This yields, first of all, ultrafast demagnetization, i.e., a subpicosecond decrease ∆M S of the saturation magnetization [46] followed by partial restoration upon equilibration between the lattice and electron temperatures [47] . Ultrafast demagnetization ∆M S would increase the magnetoelastic anisotropy field H ME ∝ M −1 S . However, a rapid rise of the film temperature following excitation by a laser pulse should also lead to a decrease ∆B 1 of the temperature-dependent magnetoelastic coupling parameter B 1 . In contrast to ultrafast demagnetization, this would reduce the effective magnetoelastic field H ME ∝ B 1 . Finally, laser-induced heating ∆T modifies the substrate-induced film strains u xx and u yy via the term α b ∆T accounting for the thermal expansion of CoFeB, while the substrate temperature does not change significantly in our case. The resulting variations ∆u xx and ∆u yy could alter the inplane field H ME ∝ (u xx m x + u yy m y ) additionally. The changes ∆M S , ∆B 1 and ∆u xx(yy) affect the out-of-plane anisotropy field H out and launch precession if H out is nonzero in the initial state [48] , which is not the case in our experiments.
In order to verify whether laser-induced changes of the in-plane magnetoelastic anisotropy can indeed account for the observed magnetization precession and to reveal which of the three contributions dominates, we performed numerical calculations. The precession frequency is governed by the external magnetic field, partially quenched magnetization, and modified magnetoelastic anisotropy within the laser excitation area and can be calculated using the Smit-Suhl formulas [49, 50] . The amplitude of the excited precession is defined by the azimuthal angle ∆ψ eff by which the total effective field H eff reorients as a result of laser-induced changes ∆M S , ∆B 1 , and ∆u xx(yy) . In the experiments, out-of-plane oscillations of magnetization are detected, and their amplitude can be found as ∆M 0 z /M S = ∆ψ eff , where is the precession ellipticity [51] .
The degree of ultrafast demagnetization ∆M S /M S in the studied sample is obtained experimentally by measuring the laser-induced dynamics of the longitudinal magneto-optical Kerr rotation for the in-plane saturated sample [see inset in Fig. 1(e) ]. At the laser fluence of 10 mJ/cm 2 , ∆M S /M S ≈ −5 % at ∆t > 5 ps. Since a quasi-equilibrium between the electronic, ionic and spin systems establishes after several picoseconds following excitation, we assume that at ∆t > 5 ps the laserinduced change of the magnetoelastic parameter B 1 relates to the demagnetization via the thermodynamic relation [52] . For the uniaxial magnetoelastic anisotropy of the individual domains, we use n = 2 according to its singleion origin [53, 54] and experimental data for Fe-Co-based amorphous alloys [55, 56] . Then ∆B 1 /B 1 is estimated to be about −15% for the laser fluence of 10 mJ/cm 2 . The strains in the a 1 (a 2 ) domain change by ∆u xx /u xx ≈19 % (-23 %) and ∆u yy /u yy ≈-23 % (19 %) for the ionic temperature increase of ∆T =150 K estimated for a laser fluence of 10 mJ/cm 2 (see Suppl. Mater.) using literature data on Au and CoFeB properties [57] [58] [59] [60] . Figure 2 summarizes the results of the calculations for the a 1 and a 2 domains for the external magnetic field applied at ϕ = −1°and ϕ = −45°to the x axis. A misalignment ϕ = −1°was introduced to achieve better agreement between the measured and calculated field dependencies of the precession frequency, and is within the precision of field alignment in the experiments. An equilibrium RT magnetization M S = 0.85 · 10 6 A/m and magnetoelastic parameter B 1 = −12.6 · 10 5 mJ/cm 3 were used to obtain good agreement between the calculated and experimental field dependencies of the precession frequency [ Fig. 1(e) ]. The magnetoelastic anisotropy energy associated with the 90°in-plane magnetization rotation B 1 (u yy − u xx ) = −2.17 · 10 4 mJ/cm 3 and the magnetostriction coefficient λ = 8 · 10 −6 agree with previous works considering similar systems [25, 61] . Figures 2(a-e) show the calculated field dependence of the equilibrium angle ψ eff between H eff and the x axis and its change ∆ψ eff under laser excitation. Four scenarios are modeled, taking into account ultrafast demagnetization ∆M s only (orange dashed line), the decrease of the magnetoelastic parameter ∆B 1 only (green dashed line), the change of strains ∆u xx and ∆u yy only (not shown), and the combination of all three (solid black line). As expected, ∆M S and ∆B 1 result in opposite signs of ∆ψ eff . The effect of ∆u xx and ∆u xx appears to be considerably smaller than that of ∆M S and ∆B 1 , in agreement with previous studies [62] . Indeed, the thermal expansion reduces the tensile in-plane strain and increases the compressive one, thus affecting the magnetoelastic energy weakly. If all effects are combined, the laser-induced decrease of the magnetoelastic parameter ∆B 1 governs the magnetization response. The reorientation of the total effective field is therefore dictated by a decrease of the in-plane magnetoelastic anisotropy field H ME .
In our model, the precession of magnetization is excited, i.e. ∆ψ eff = 0, in the whole studied field range in both domains at ϕ = −45°and only at low fields in the a 1 domain at ϕ = −1° [Figs. 2(c-e) ], which is in a good agreement with the experimental results [ Fig. 1(f) ]. The maximum absolute value of ∆ψ eff is close to 10°if ϕ = −1°, while it is several times smaller at ϕ = −45°. Taking into account the strong ellipticity of the excited precession, which depends the applied field strength and orientation, we obtain a reasonable agreement between the calculated and experimental amplitudes of the pre- Figs. 1(f) and 2 (f,g) ].
In the calculations we neglected effects on the laserinduced dynamics in a particular domain imposed by neighboring domains. This is justified by the experimental results showing that the frequencies of the excited precession in a 1 and a 2 domains at ϕ = ±45°are equal. Evident in Figs. 1(c,f) , a difference in the precession amplitudes detected in the a 1 and a 2 domains at ϕ = −45°c ould originate from the fact that the width of the a 2 domain is somewhat smaller than the probe spot size. As a result, the probe averages the magnetization dynamics in the a 2 domain and in a part of the neighbouring a 1 domains, where the precession phase ξ 0 is opposite. This reduces the overall detected transient Kerr rotation. The effect is even more pronounced at ϕ = 45°, where no precession signal from the a 2 domain is detected. In this case, the field is applied along the stripe domains, which initializes head-to-head and tail-to-tail domain walls having a width of about 1.5 µm [27] . As it is comparable to the width of the a 2 domain, the magnetization in the narrow a 2 domain is non-uniform, which suppresses the measured signal. For the wider a 1 domains or field orientations that initialize narrow head-to-tail domain walls, a similar reduction of the precession signal does not occur.
Our model successfully captures the main experimental findings with the only two fit parameters being the equilibrium values of M S and B 1 . Their variation affects the absolute values of the precession frequency and effective anisotropy field, but not the characteristic features of the laser-driven magnetization precession. Therefore, our experiments unambiguously show that magnetoelastic anisotropy can be altered in a metallic film by ultrafast laser-induced heating similarly to magnetocrystalline and growth-induced anisotropies [37, 39, 62] . In composite multiferroic and magnetoelectric structures, altering the magnetoelastic parameter of the FM constituent by laser excitation may lead to several specific phenomena. First, in our experiments the precession excited via a change of the magnetoelastic parameter enables distinguishing different types of domains in fields up to 120 mT. This is in contrast to static magneto-optical measurements, which only resolve domain structure in this geometry at much lower fields [25] . The higher sensitivity of the dynamical magneto-optical signal originates from the fact that magnetization at equilibrium approaches the direction of the external field at ϕ = ±45°asymptot-ically [ Fig. 2(b) ]. As a result, the condition ∆ψ eff = 0 for the precession excitation is fulfilled for each domain in a large field range, and the domains can be distinguished by opposite signs of ∆ψ eff [ Fig. 1(c)] .
The possibility to alter the magnetoelastic parameter by laser pulses can be exploited further. A decrease of B 1 reduces the strain-mediated magnetoelectric coupling in multiferroic structures, which could enable laser-assisted magnetization switching with submicrometer spatial resolution [17] . Moreover, in strained films a spin reorientation transition can occur due to an extra contribution to the out-of-plane anisotropy (Eq. 1) controlled by the magnetoelastic parameter [40] . Hence, laser excitation may be used to trigger such a transition at picosecond timescale via changes of B 1 and film strains. Finally, laser-induced changes of magnetoelastic anisotropy may be employed for driving spin waves [63] in switchable magnonic waveguides based on CoFeB/BaTiO 3 [25, 27, 64, 65] .
In conclusion, we have shown that the magnetoelastic coupling in a metallic CoFeB film can be significantly reduced on a picosecond timescale by excitation with a femtosecond laser pulse. This effect is explained by a simple model, which accounts for a laser-induced increase of electronic and ionic temperatures and relates the induced changes of the magnetoelastic parameter and magnetization via a n(n + 1)/2-law. This law appears to hold for laser-induced processes in metals at timescales beyond several picoseconds following excitation, which is required for establishing a quasi-equilibrium between the electronic, ionic and spin subsystems. The demonstrated ability to decrease the magnetoelastic parameter by laser pulses enables the driving of magnetization dynamics in metallic films wherein the magnetoelastic anisotropy dominates. We employed this mechanism to experimentally realize selective excitation of magnetization precession in individual micron-size magnetic stripe domains imprinted in a CoFeB film by a ferroelectric BaTiO 3 substrate. We found that the excitation of precession in an individual CoFeB domain is controlled by the strength and the orientation of the applied magnetic field with respect to the local uniaxial anisotropy axis, which allows distinguishing magnetization precessions in separate domains even when they are unresolvable in static measurements due to large applied magnetic field.
We thank N. E. Khokhlov Figure 1 shows the transmission electron microscopy (TEM) images of the CoFeB/BaTiO 3 heterostructure. Cross-section TEM specimen were prepared by mechanical polishing with subsequent ion milling by Ar + @3 keV. A Jeol JEM-2100F microscope operated at 200 kV was used to acquire images in conventional bright-field and high-resolution modes. The CoFeB film is amorphous with a short-range order present at lengthscale of ∼1 nm. Figure 2 shows raw pump-probe data, used to obtain Figs. 1(c, d) in the main text. Slow varying background seen in Fig. 2 is of nonmagnetic origin and, thus, has been subtracted from the data in Figs. 1(c, d) of the main text, for the sake of clarity.
II. RAW PUMP-PROBE DATA

III. ULTRAFAST LASER-INDUCED HEATING
For the estimation of ultrafast temperature change in the ferromagnetic layer in CoFeB/BaTiO 3 under influence of femtosecond laser pulses we used the following parameters. Pump with wavelength 515 nm has fluence 10 mJ/cm 2 . The refractive index n and extinction coefficient k of the capping gold layer with thickness 6 nm amount 0.72 and 2.02, respectively [1] . This gives transmission T Au =0.74 and reflection coefficient on the interface gold-air R air−Au =0.6. The refractive index n and extinction coefficient k of the 50 nm CoFeB layer are 2.5 and 3.3, respectively [2] which gives reflection coefficient on the interface with gold R Au−CoFeB =0.27. Taking CoFeB heat capacity C CoFeB =440 J kg −1 K −1 [3] and density ρ=7.7·10
3 kg m −3 [4] one gets heating of ∆T ∼150 K. 
